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Asymmetric Diels Alder reactions and Michael type
additions with 6(R)-3’(R)-Pantolactone-
substituted-2H-Pyran-3(6H)-one.
Joop Knol, Johan F.G.A. Jansen, Fré van Bolhuis and Ben L. Feringa*,
Department of Organic Chemistry, University of Groningen, Nijenborgh 16,
9747 AG Groningen, The Netherlands.
Abstract: The preparation of optically pure pyranone 2a,
using d-pantolactone as a chiral auxiliairy, and its
successful application in Diels Alder and Michael type
additions with d.r.’s of 89/11 up to 100/0 is described.
Optically active pyranones are generally made from sugar-derivatives such as tri-O-acetyl-D-
glucal and di-O-acetyl-L-rhamnal using the Ferrier rearrangement as the key reaction.1,2,3 Th  2,3-
unsaturated sugars have found several applications as chiral synthons.2 Racemic pyranones such as 6-
methoxy- or 6-ethoxy-pyranone can readily be prepared, using the oxidation of furfurylalcohol as a
key step.
Following the highly successful use of the optically active furanone 1, in various
diastereoselective reactions,4 the related pyranone 2 was investigated as a chiral dienophile and
Michael acceptor. As in general the g-alkoxy-substituent exerts complete stereo control in p-face
selective addition to the enone moiety in 1  I  was of particular interest to elucidate the role of the
alkoxy-substituent in additions to the six-membered analog 2.
The precursor for 2, 6-acetoxy-pyranone 3, was prepared in 53% overall yield in three steps
starting from furfurylalcohol using literature procedures.5 Th  coupling of the 6-acetoxy-pyranone with
an alcohol can be promoted with Lewis acids such as tin tetrachloride6 and zinc chloride etherate.7
We found that the use of boron trifluoride etherate as the Lewis acid is also effective in the formation




Of the various chiral alcohols tested i.e. l-menthol; y=60%, d.r. 56/44, l-borneol; y=56%, d.r.
50/50 and d-pantolactone; y=66%, d.r. 65/35; only the d-pantolactone derivative gave a diastereomeric
mixture which was readily separated using chromatography (SiO2, ether/pet.-ether 40-60, 9/1), affording
the diastereoisomers 2a (44%) and 2b (22%). NMR studies8 showed that these compounds are
epimeric at the acetal carbon.
Single crystals of the minor diastereoisomer 2b, suitable for X-ray analysis, were obtained from
a solution of 2b (ether/n-hexane) by slow evaporation of the solvent. The molecular structure (Figure
1) clearly shows that the minor diastereoisomer has the 6(S) configuration and therefore the major
isomer was assigned the 6(R) configuration.8
Figure 1. View of the molecular structure of 2b.
A twisted pyranose ring is seen and a large difference in p-face shielding of the enone moiety in 2, due
to the bulky lactone group, can be expected.
This was confirmed in asymmetric Diels Alder reactions of 2a as early complete diastereoface
selective additions take place (Table 1).
Table 1: Asymmetric Diels Alder reactions of 2a.
a) All reactions were performed in DME at RT (cyclopentadiene 72h) or at 110°C (butadiene and 2,3-
dimethyl-butadiene, 60h) using at least a six-fold excess of diene.
b) Isolated yields.
c) Diastereomeric ratio as determined by 1H-NMR.
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With cyclopentadiene only the endo product 4, from a trans-diastereoselective addition with
respect to the 6-alkoxy-substituent, was formed in high yield. However when butadiene or 2,3-dimethyl-
butadiene were used the selectivity of the attack dropped to a cis/trans ratio9 of 10/90.
Michael type additions to 2a nly gave identifiable products when the base catalyzed reaction
was used (Table 2). The attempts to add lithio-ethyl 1,3-dithiolane-2-carboxylate or lithio-trismethyl-
thiomethane resulted in complex mixtures. These results contrast with the addition of lithio-ethyl 1,3-
dithiolane-2-carboxylate to 6-methoxy-pyranone, which gave the trans 1,4-adduct in 57% yield.10
The trans-1,4 addition of p-t-butylthiophenol occurred with absolute stereocontrol at C-5 in a
quantitative yield. 2-Nitropropane and nitroethane add with a lower selectivity to the pyranone 2a
(d.r.’s 95/5 and 92/8 respectively) of which the nitroethane adduct9 is an epimeric mixture (56/44) at
the a-nitro carbon. With a single crystallization the adducts 8 and 9 were obtained diastereomerically
pure with respect to the stereocenter at C-5. For the nitroethane adduct an 81/19 ratio at the a-nitro
center is formed after crystallization.
Table 2: Asymmetric 1,4-additions of 2a.
a) Reactions at RT (entry 2 and 3) or 0°C (entry 1) in dichloromethane; entry d see text.
b) Isolated yields.
c) Diastereomeric ratio determined by 1H-NMR.
d) See text.
The Michael addition of acetylacetone in methanol using an excess of sodium bicarbonate as
the base at RT gave unexpectedly the [3,3,1]-bicyclo-adduct 10 in 90% yield. This compound is
apparently formed by an Aldol reaction after the initial Michael reaction.11
The slightly lower diastereoselectivities observed in some Diels Alder and Michael type
additions of 2a when compared to 14 can be attributed to less effective p-face shielding due  to  more
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conformational flexibility in 2a.
In conclusion we have prepared a new optically active pyranone synthon using d-pantolactone
as a chiral auxiliairy and demonstrated high stereocontrol in cycloadditions and 1,4-additions.
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